IN THE STUDY of hemodynamics in aortic stenosis until the last decade more or less indirect methods were used, such as electrocardiography and phonocardiography, and direct and indirect pulse tracings. At best the results would confirm a clinical diagnosis but often were of little help in the surgical evaluation of the valvular defect.
Only after the introduction of left-sided heart catheterization with pressure measurements in the left ventricle, by the transthoracic or transbronchial left atrial routes1 2 or percutaneous left ventricular puncture3 can the aortic stenosis be evaluated with respect to the systolic pressure gradient.
Thoracic aortography call give valuable information in aortic stenosis concerning the mobility of the aortic cusps and the degree of post-stenotic aortic dilatation4 but does not reveal subaortic stenosis. Thoracic aortography is the routine method in assessing aortic regurgitation. 5 Aortic catheterization may be extended to the left ventricle,6' 7where contrast injection may be done.8 This method carries the danger of damaging an aortic cusp or obstructing a coronary ostium.6' 9 Further, the roentgenologic study of the mobility of the aortic leaflets is disturbed by the presence of the catheter, and in tight stenosis the catheter adds to the obstruction and artificially exaggerates the systolic pressure in the ventricle.
We have in the last years performed percutaneous puncture of the left ventricle with contrast injection in more than 120 cases. The value of left ventricular angiocardiography in the diagnosis of valvular heart disease was shown early.'0' 11 It is the aim of this paper to discuss the correlations between the pressure measurements and the findings at the left ventricular angiocardiography in aortic stenosis.
Material and Methods
The material consists of 36 patients with aortic stenosis of whom 21 had a pressure gradient over the aortic orifice. The patient lies supine, and with the caudal part of the thorax at some distance from the lateral film ( In a 55-year-old man cardiac tamponade occurred and in a 9-month-old boy the contrast was injected into the myocardium. A detailed report of our minor and major complications is under preparation.
Roentgenologic Aspects
In the ideal roentgen visualization of the aortic orifice the beams should be parallel with the valve plane. In true frontal and lateral projections, however, the incident beam generally forms an angle with that plane ( fig. 1 ). This disadvantage can, however, to some extent be reduced by adjusting the position of the patient or the tubes to bring the beams more parallel to the valve plane.
The position of the lateral tube or the patient should be arranged so that the beam falls in a somewhat caudo-cranial direction; the more so, the more transverse is the position of the heart. Adjustment of the frontal tube, however, has little effect, since the angle between the valve plane and the vertical beam ( fig. 1) The diagnosis of aortic stenosis is made on the grounds of the thickness and mobility of the cusps, the ealiber of the orifice, the rate of contrast flow through the orifice, the appearance of the ascending aorta, and the in connection with the with greatest accuracy if there is a jet. In many cases, however, the caliber may be measurable in only one plane, or not at all, because the orifice is eccentric on the dome and the incident beam therefore does not meet it tangentially.
The degree of stenosis when the orifice cannot be measured exactly may to a certain extent be assessed by estimating the rate of the flow and the degree of post-stenotic dilatation of the ascending aorta. If other causes of delayed flow can be excluded, incomplete mixture of contrast medium and blood in the ascending aorta indicates grave stenosis. In cases of pure stenosis conclusions can even be drawn from the thickness of the ventricular wall which is measured in diastole above the apex. The emptying time of the ventricle after the completion of the injection, in relation to the number of ventricular contrac- Schematic drawing illustrating the relations between the cusps and the incidence of the beam.
In the lateral projection the right coronary cusp meets the beam ideally. An oblique view is obtained of the two other cusps in both projections. RCC, right coronary cusp; R, right; L, left.
The direction of the beam (->) tions, will, in the absence of a mitral lesion and aortic insufficiency, give an idea of the residual blood.
Results
Undamped pressure curves were obtained in all cases but two. These patients (cases no. 6 and 31) suffered from obliterating, probably thromboembolic aortic disease. The femoral pulses were absent in one and weak in the other patient. This source or error in the determination of the pressure gradient should be considered in the elder patients.
The pressure gradient in four cases was again measured during operation, prior to valvulotomy. A reasonable correlation was found with the preoperative values, the difference being -10, +13, +11, and -58 mm. Hg. The significant lower value in the last case (no. 100) may be due to altered hemodynamics, as the operation was performed in hypothermia and extracorporeal circulation. The remaining gradient, 70 mm., was reduced to 0 mm. through the operation. Other authors, too, have found a good correlation between the pressure gradients before and during surgery.3 13, 14 In normal cases as well as in aortic stenosis there is usually a higher systolic pressure in the femoral arteries than in the central aorta.'5-'7 Even a small positive systolic pres-BJORK, CULLHED, LODIN The presence of calcifications in the material was investigated by means of tomography, which was performed in 29 of the 36 cases. When the incidence of calcifications was correlated to the pressure gradients (table 2), a higher incidence was found in those with a larger gradient. In the different groups the cases with calcification were found in the older patients.
Correlation between the Pressure Gradient and the Degree of Left Ventricular Hypertrophy
On the angiocardiograms the thickness of the left ventricle in diastole was measured as an index of the degree of hypertrophy (table 3) .
Since the groups are small, very limited conclusions can be drawn. There seems to be a positive correlation, however, between the gradient and the degree of left ventricular hypertrophy, as would be anticipated. There was no correlation between the gradient and the thickness of the aortic cusps, which in all cases measured 2 to 4 mm. The mobility of the cusps was good in only four of 20 No attempt at valvulotomv was regarded as possible because the mobility would not be influenced. When the patient left the hospital 5 weeks after the operation he was subjectively better and had less calcifications on tomography. The patient died 2 months later of a brain embolism from an incisional aortic aneurysm.
Case 2
Ml. J., a 45-yea er-old woman (140921/58). Rheuillatie fever when 19 years old. For the last 5 years decomiipensated-grade III (New York Heart Association). She was admitted for the first time in 19.57. A tricuspid and mitral stenosis was diagnosed and later was operated upon.25
For the first half year she felt better but then hier sylmiptoms came back and she was again admitted in 1958. The elinical diagnosis now became aortic, mnitral, and tricuspid stenosis, possibly mitral regurgitation. Right heart catheterization revealed moderate pulmonary hypertension diameter of about 10 mm. In isolated aortic stenosis the valve area may be estimated when the rate and magnitude of flow across the valve are known. This is possible if the pressures on both sides of the valve are determined at the same time as the cardiac output. In coexisting aortic regurgitation the total left ventricular stroke volume cannot be determined and thus the valve area during systole cannot be assessed either. In spite of insignificant stenosis a large systolic pressure gradient will occur in aortic regurgitation,27 due to the large systolic flow. However, in acute dog experiments AMoscovitz et al. 28 obtained no systolic pressure gradient in aortic regurgitation.
On the other hand, in mitral stenosis and insufficiency the aortic flow will be diminished, as in left ventricular failure. When With one exception the gradient was found to correlate well with the T-wave negativity over the left ventricle. The same applies to the degree of aortie valvular calcifications and, though less marked, to the size of the orifice and to the ventricular wall thickness. In estimations of the size of the orifice due attention must be paid to the risk of overdiagnosis by underestimating the width, if due to low stroke volume (e.g., in mitral insufficiency or stenosis) or to unsatisfactory, oblique projections.
Probably hemodynamic changes may occur even before the aortic ostium is reduced to one fourth of the normal area, i.e., to a diameter of about 10 mm. Our two cases with isolated aortic stenosis and gradients, respectively 20 and 27 mm. Jig, had ostium widths of 15 and 12 to 13 mm., respectively, and these are minimum measurements. However, these cases were young men with only slight symptoms and have so far not been operated upon.
On the other hand a tight aortic stenosis may exist without any pressure gradient, if combined with mitral valvular disease or in left ventricular failure. In this material two Circulation, Volume XXIII, April 1961 cases with mitral and aortic stenosis without gradient had aortic ostium widths of 8 and 10 mm. Both cases were operated upon with closed transventricular dilatation of both valves. The aortic valves made a tough resistance to the instrument in both cases, but a successful dilatation was performed. So far no case without a gradient has been operated upon with open technic.
It is thus our impression that left ventricular angiocardiography is a valuable addition to the technic of left ventricular puncture, in the study of aortic stenosis. Especially in combined valvular disease we think it may sometimes be of vital importance in order to detect preoperatively and to grade an aortic stenosis. The absence of a gradient at rest in these cases is probably due to lessened diastolic filling. Perhaps more information could be gained by measuring the ventricular pressure at rest and graded exercise.
The value of left ventricular angiocardiography in the diagnosis of subvalvular aortie stenosis was recently reported. 32 The same should apply to the diagnosis of supraaortic stenosis and a coexistent aortic coaretation.
Post-stenotic aortic dilatation is usual in valvular aortic stenosis and can be detected in chest radiograms. A more exact outline may be obtained by contrast injection, as is shown in our case 3, where the considerable aortic dilatation awoke suspicions of medionecrosis cystica. 33 Summary In 36 cases of valvular heart disease with a clinical diagnosis of isolated or significant aortic stenosis we have performed percutaneous intercostal puncture of the left ventricle for pressure measurements and, in all but one case, left ventricular angiocardiography. The possible correlations between the pressure gradient and the angiocardiographic findings are discussed.
With the exception of the unsatisfactory angiocardiograms due to oblique projection of the valvular planes, valuable information was obtained regarding the degree of aortic stenosis. This was especially the case if the Circulation, Volume XXIII, April 1961 aortic stenosis was combined with mitral valve disease, resulting in a small or no systolic pressure gradient.
